Background: Cell phone text messaging, via the Short Messaging Service (SMS), offers the promise of a highly portable, well-accepted, and inexpensive modality for engaging youth and young adults in the management of their diabetes. This pilot and feasibility study compared two-way SMS cell phone messaging with e-mail reminders that were directed at encouraging blood glucose (BG) monitoring. Methods: Forty insulin-treated adolescents and young adults with diabetes were randomized to receive electronic reminders to check their BG levels via cell phone text messaging or e-mail reminders for a 3-month pilot study. Electronic messages were automatically generated, and participant replies with BG results were processed by the locally developed Computerized Automated Reminder Diabetes System (CARDS). Participants set their schedule for reminders on the secure CARDS website where they could also enter and review BG data. Results: Of the 40 participants, 22 were randomized to receive cell phone text message reminders and 18 to receive e-mail reminders; 18 in the cell phone group and 11 in the e-mail group used the system. Compared to the e-mail group, users in the cell phone group received more reminders (180.4 vs. 106.6 per user) and responded with BG results significantly more often (30.0 vs. 6.9 per user, P ϭ 0.04). During the first month cell phone users submitted twice as many BGs as e-mail users (27.2 vs. 13.8 per user); by month 3, usage waned. Conclusions: Cell phone text messaging to promote BG monitoring is a viable and acceptable option in adolescents and young adults with diabetes. However, maintaining interest levels for prolonged intervals remains a challenge.
Introduction

S
UCCESSFUL DIABETES MANAGEMENT requires the delivery of complicated medical tasks like blood glucose (BG) monitoring and insulin administration along with the practice of healthful behaviors around food and exercise. BG monitoring remains a critical component of diabetes care, and its daily frequency correlates consistently with glycemic control. [1] [2] [3] [4] [5] However, BG monitoring frequency often declines in adolescents and young adults with diabetes who are frequently challenged by the competing demands of diabetes management and their social and developmental needs. 6, 7 Indeed, adolescents and young adults often experience poor metabolic control compared with other age groups because of reduced adherence. [8] [9] [10] [11] [12] It is critical to maintain BG monitoring frequency through this developmental stage since it has been demonstrated that those with poor adjustment to diabetes in adolescence are likely to continue such behaviors into adulthood. 13, 14 Increased involvement with healthcare providers may improve glycemic control and reduce the risk of complications, 15 but these interactions are labor-intensive and expensive. Low-cost clinic-based interventions in younger adolescents have yielded a positive impact on both glycemic control and quality of life. [16] [17] [18] Identifying other effective, low-cost interventions using telemedicine may benefit the adolescent and young adult age group. 19, 20 Emerging technologies, such as cell phone text messaging, offer another inexpensive yet well-accepted way to increase communication with adolescents with diabetes. 21 Indeed, cell phones are nearly universal; as of June 2007, 81% of Americans owned a cell phone, 22 including the overwhelming majority of adolescents and 97% of college students. 23 Almost all cell phones offer text messaging capabilities known as Short Messaging Service (SMS), which is a popular communication tool among teens. 24 SMS messaging appears ideal for sending and receiving small snippets of data, such as BG values. SMS messages have provided reminders for clinic visits, 25, 26 tuberculosis medication compliance, 27 and asthma control, 28, 29 as well as diabetes monitoring [30] [31] [32] [33] [34] [35] [36] [37] [38] in adults. Few studies have focused on teens. Some for-profit Internet companies offer such a reminder service directly to patients, and phones integrated with BG meters have been marketed. 39, 40 The purpose of our pilot study was to test the feasibility of implementing a fully automated, two-way text messaging system to encourage increased BG monitoring in teens and young adults with diabetes using the Computerized Automated Reminder Diabetes System (CARDS). We hypothesized that reminders sent via cell phone messaging would result in greater frequency of BG monitoring compared to reminders sent via e-mail messaging. We also hypothesized that such a reminder system would be well accepted by this age group. Finally, we sought to assess user satisfaction of a reminder system and current technology usage patterns among adolescents/young adults.
Subjects and Methods
Participants
This study was approved by the Joslin Diabetes Center (Boston, MA) institutional review board. Eligibility included insulin-treated patients, 12-25 years old, who had an SMScapable cell phone and home Internet with e-mail access. Forty participants, recruited as a convenience sample, agreed to participate during a regularly scheduled visit. Participants were offered free parking and compensation to cover the costs of text messaging.
After informed consent (and assent for youths under 18 years of age) was obtained, participants completed a brief questionnaire to ascertain their current technology use. Participants were randomized to receive reminders either via cell phone text messaging or by e-mail, and they had access to the automated reminder system for 3 months. Participants received a 15-min introduction to CARDS. The number and frequency of reminders were determined by the participants, and no reminders were sent until participants logged onto the website. Approximately 1 week after study entry, study staff (D.A.H.) called participants to answer any questions and encourage usage. After 4 weeks, participants also received a follow-up e-mail. At the next regularly scheduled clinic visit, participants completed a final questionnaire concerning their use of CARDS. Chart review provided data regarding the participants' diabetes management. Glycemic control was assessed by hemoglobin A1c (HbA1c) (reference level 4-6%) (Tosoh 2.2 glycohemoglobin analyzer, Tosoh Corp., Foster City, CA) at entry and at follow-up.
CARDS
CARDS, created by the authors, included a web-based module and a messaging/reminder module designed to run autonomously. All actions were recorded to a log for later analysis. The entire system operated on a 500 MHz Apple (Cupertino, CA) Macintosh PowerBook laptop computer with 768 MB of memory.
Participants logged into the system via a secure website with their chosen username and password. The web site provided a screen for participants to customize their schedule for reminder messages (Fig. 1A) by time of day and day of week. The CARDS website offered participants the ability to comment, edit, view, and print their BG diaries with a time and date stamp (Fig. 1B) . Comments could be changed, but BG values, once entered, could not. Participants could also opt to receive two daily factoids: one related to diabetes education/nutrition (e.g., "Did you know? One 12 fluid oz. can of soda has 10 teaspoons of sugar?") and one related to unusual fun facts or trivia (e.g., "Butterflies taste with their feet."). In contrast to the BG reminders, each factoid was sent randomly between 4:00 p.m. and 9:00 p.m. daily, and the factoids were only sent after the participant opted-in to receive them.
At a preset time, CARDS would send either by cell phone text message or by e-mail a reminder to check the BG. If CARDS did not receive a response from the participant within 15 min, a single repeat reminder was sent (e.g., "In case you missed the first reminder, it's time to check your blood sugar.") The wording of the reminders varied and was chosen randomly from a list (e.g., "Just a reminder to check your blood sugar."). After a user submitted a BG value, regardless of the result, he or she received positive feedback (e.g., "The blood sugar was received. Keep up the good work!"). If the submitted BG value was out of range (Ͻ70 or Ͼ300 mg/dL; Ͻ3.9 or Ͼ16.7 mmol/L), CARDS provided a warning to take appropriate action according to the healthcare team's recommendations and then recheck the BG. Users could submit a BG value at any time, and feedback was provided. In addition, if a BG value was sent within 1 h of a preset reminder, the reminder was suppressed. BG values submitted by cell phone or e-mail could be viewed immediately and printed. Every Sunday, cell phone and e-mail participants received a reminder to view and print their BG diaries.
Statistical analysis
Data from system usage, either by e-mail or cell phone, contributed to the definition of user. Characteristics are com-HANAUER ET AL. 100 
CARDS: BLOOD GLUCOSE REMINDERS 101
A B pared between the e-mail and cell phone groups and between users and nonuser groups. Participants were considered users if they logged into the system or submitted a BG measurement. Both baseline and final survey responses refer to all study participants, not just the users. Statistical analyses employed Microsoft (Redmond WA) Excel and SAS version 8.2 for Windows (SAS Institute, Cary, NC). Unpaired t tests and 2 analyses were performed. Two-tailed P values of Ͻ 0.05 were considered significant.
Results
Of the 40 participants recruited, 18 were randomly assigned to received e-mail reminders and 22 to receive cell phone reminders. Following randomization, 11 (27.5%) never used the system (nonusers): seven from the e-mail group and four from the cell phone group. There were 11 email users and 18 cell phone users. Table 1 compares the baseline characteristics of the groups. There were no significant differences between e-mail and cell phone groups, and users and nonusers only differed by gender. Females were more likely to be users than males (P ϭ 0.04), regardless of the communication modality, with 86% of females compared with 56% of males using the system. Participants could submit BG values directly onto the website for entry into the diary (see Fig. 1B ). While the e-mail group responded significantly less often to reminders than the cell phone group (6.9 vs. 30 per user, P ϭ 0.04), the email group entered more BG values directly into the web diary independent of reminders compared to the cell phone group (21.2 vs. 12.9 per user).
During the first month of the study, on average, users in the cell phone group submitted nearly twice as many BG measurements as those in the e-mail group (27.2 vs. 13.8 per user) (Fig. 2) . With time, the average number of BG values submitted to CARDS decreased in both groups. By the third month, only one user in the e-mail group and five users in the cell phone group continued to submit BG measurements.
In this pilot trial, no difference in glycemic control between groups was anticipated. At baseline, the mean HbA1c values were 8.6 Ϯ 0.9% and 8.9 Ϯ 1.7% in the e-mail and cell phone users, respectively. After the study, the mean values remained similar, at 8.8 Ϯ 0.9% for e-mail users and 8.7 Ϯ 1.5% for cell phone users. Usage data were obtained from the CARDS system log over the 3-month trial period. All numbers are mean values. Response rate was (number of responses to reminders/number of reminders sent) ϫ 100. Total BG values submitted was (number of BG values submitted via phone/e-mail ϩ number of BG values submitted via web).
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a P ϭ 0.04, b P ϭ 0.02 by unpaired t test.
Baseline questionnaires revealed that 60% of participants in general used instant messaging daily, 35% used e-mail daily, and 23% used cell phone text messaging daily. Notably, at enrollment, 75% of participants carried cell phones to their clinic visits, while 65% had their BG meters, and only 28% had their paper BG diaries. Ten participants (25%) brought neither their meters nor a logbook to the clinic visit.
At the study's conclusion, participants were asked how they would prefer to access CARDS in the future if it were available. Half (50%) chose the cell phone, 17% chose e-mail, another 10% chose both, and 23% chose neither option. Twothirds (12 of 18) of the participants assigned to the e-mail group commented that they did not like their assignment and would have preferred cell phone reminders. Participants also provided suggestions for improving CARDS. Two suggested incorporating the functionality of CARDS into a pump or a meter. Another suggested having a healthcare provider call if the participant did not submit BG measurements for several days.
Discussion
Our pilot and feasibility study demonstrated that it is technically possible to implement a fully automated system to engage youth with diabetes. CARDS used a very inexpensive computing system. In addition, the ongoing operation of the system required few resources other than electricity and an Internet connection. Finally, training participants to use CARDS was relatively easy, likely because of this age group's familiarity with technology.
While the design and implementation of CARDS may be viewed as a success in this pilot, there are two obvious areas of disappointment. First, 11 of the 40 (27.5%) enrolled participants never used the system, the majority of whom (seven of 11) were randomized to the e-mail group. Second, usage dropped off considerably after the first month, even in the more popular cell phone group. A crossover study design would have allowed all participants to use the cell phone and e-mail modalities to provide direct comparison. In addition, a standard set-up of reminders for both the cell phone and e-mail groups, created in clinic, may have allowed us to assess responses to an equivalent stimulus by each group. Further, eligibility criteria for CARDS participation included availability of both cell phone and e-mail access. Thus, there was likely a small subset of patients who lack cell phones and/or e-mail access who would be unable to utilize such technologies.
It is possible that the limited use and drop-off in CARDS usage in months 2 and 3 may have resulted from the study's timing over the summer months. All CARDS participants were enrolled during mid-to late spring. One study with patients 18-75 years old found a similar drop in mobile phone text messaging use during holiday periods. 32 On the other hand, one study from Finland of SMS messaging in adult patients with diabetes found no change in BG measurement activity over a 12-month study period. 33 A recent study from the United Kingdom compared cell phones, e-mail, and written diaries for the tracking of hypoglycemic episodes in children with diabetes. 41 These authors reported that cell phones were the preferred modality and generated the highest re-
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FIG. 2.
The average number of BG results per user by study month submitted to CARDS declined with time. In month 1, there were twice as many BG measurements submitted in the cell phone group compared with the e-mail group. By month 3, the number of BG measurements submitted declined markedly, and values were similar between groups.
sponse rate for tracking hypoglycemia, a finding similar to our experience with CARDS in the first month. It is also likely that the innovation of the system, related to its spontaneity and encouragement, became repetitive and exhausting with time. In a study of technology involving automated pump alerts, youths 8-20 years old received reminder alarms to bolus insulin. 42 Similarly, by the third month of that trial, many participants were ignoring the reminder alarms such that the positive impact of the bolus reminders on the decrement in HbA1c was lost from month 3 to month 6. The pump reminders led to an initial increase in mealtime insulin bolus dosing that waned after 3 months. Likewise, fatigue from the BG reminders in CARDS was evident with drop-off in usage in months 2 and 3. In addition, use of the CARDS website was low and may reflect the need for such websites to consider in their design the interests of adolescents and the recognized burden of diabetes management. 43 In an earlier study, we demonstrated a short-term increase in BG monitoring frequency in association with the implementation of an interactive BG monitoring guessing game. 44 There was similar drop-off in the BG monitoring frequency as the trial progressed.
Our population of youth and young adults carried cell phones to their diabetes visits, without prior knowledge of the CARDS study. Fewer patients had meters, and even less had a paper BG diary. A study from Australia found that 91% of patients (16-24 years old) attending a general practice clinic owned a phone. 45 This suggests that cell phones may be an ideal modality with which to target youths with diabetes, especially since this population embraces new technologies. 46 Our study was not powered to detect a difference in outcomes between the cell phone and the e-mail group. Rather, we designed the investigation as a pilot study to assess feasibility and acceptability of an electronic BG reminder system. In fact, we assessed CARDS usage with the frequency of BG reminders and responses rather than the values of the BG results since our interest was to encourage BG monitoring behavior. On average, CARDS automatically sent 2.1 daily messages (reminders and factoids) to the e-mail group and 2.7 daily messages to the cell phone group. In a recent study, a two-way paging system sent an average of 3.2 messages per day. 30 In our cell phone group, users responded to 16.6% of reminders, similar to the 14% response rate in the pager study. Thus, it seems unrealistic to expect users to respond to every message received, although participants could have checked their BG level in response to the reminder prompt even if they did not reply to the reminder.
This pilot study demonstrated a small nonsignificant increase in HbA1c in the e-mail group and a small nonsignificant decrease in the cell phone group. Similarly, a recent study found a small, nonsignificant decrease in HbA1c levels for patients with poorly controlled diabetes who received weekly support messages via SMS for 6 months. 47 A review of various telemedicine interventions (e.g., modem transfer, telephone calls, text messages, etc.) for diabetes management concluded that, to date, there was little evidence to suggest that such interventions actually improved HbA1c levels. 34 While not all patients may benefit from interventions such as CARDS, the low cost of implementation may make automated reminder systems worthwhile for those patients responsive to such reminders. Additionally, further refinements could include appointment reminders and alerts for patients to bring their logbooks and/or meters to their clinic visits. In addition, medication reminders and educational messages may be helpful for some patients. 48 While the participants in our study selected the timing and frequency of the reminders to check BG levels and the automated responses were always supportive, there was no immediate medical advice provided by the healthcare team. Future iterations of such a system may incorporate functionality for notification of healthcare providers when results are out of range or data are absent. In turn, the healthcare team could reach out to these patients by phone, by e-mail, or in person, although funding of any phone or e-mail outreach would likely be required. As technologies such as cell phone text messaging continue to advance and gain popularity, it will likely be helpful for healthcare providers to reinvent their approaches to utilize such innovation to reach youths with diabetes in efforts to optimize their glycemic control.
